Wild animals play an important role as reservoirs for many zoonoses \[[@r9]\]. In particular, wild boars are major reservoirs for zoonotic pathogens, such as Japanese encephalitis virus (JEV) and hepatitis E virus (HEV), in Japan \[[@r5], [@r19], [@r29]\].

JEV belongs to the family *Flaviviridae,* genus *Flavivirus* \[[@r14]\], and is a causative agent of Japanese encephalitis (JE) in humans. JEV is transmitted by *Culex* species mosquitoes and a leading cause of viral encephalitis in South, Southeast, and East Asia \[[@r27]\]. Pigs, wild boars and wild birds are reservoirs of this virus \[[@r15]\]. In Japan, only several cases of human infection have been recently reported, but many domestic pigs, dogs, monkeys, wild boars and wild raccoons are infected with JEV every year \[[@r19], [@r22], [@r23]\]. These results indicate that JEV is spreading among livestock, companion, and wild animals, and humans are protected from JE by a vaccination program under recommendation of the Japanese government.

HEV belongs to the family *Hepeviridae,* genus *Orthohepevirus* \[[@r24]\] and is a causative agent of hepatitis E in humans \[[@r7]\]. Basically, hepatitis E is an acute self-limiting disease, but rarely develops fulminant liver failure \[[@r7]\]. There are four genotypes known to infect humans; genotypes 1 and 2 circulate in developing countries and are transmitted via fecal-oral routes, and genotypes 3 and 4 are distributed in both developed and developing countries and are transmitted via meat consumption \[[@r25]\]. In developed countries, HEV, mainly genotypes 3 and 4, is recognized as a zoonosis and the main reservoirs are pigs, wild boars, and deer \[[@r3]\]. Recently, a number of HEV and HEV-related viruses have been reported from animals, such as wild boars, camels, rats, bats, moose, kestrels, ferrets and red foxes \[[@r1], [@r4], [@r6], [@r10],[@r11],[@r12],[@r13], [@r20], [@r21], [@r28]\]. In Japan, the number of hepatitis E patients has been increasing, and the main infection sources are pigs and wild boars \[[@r5], [@r8]\].

Surveillance of zoonotic pathogens among reservoirs is one of the best methods to analyze the risk to humans. In Japan, national epidemiological surveillance of JEV infection has been performed using pig sera before and during the active mosquito season in order to alert the nation to the risk of JEV infection. Although domestic pigs are suitable as sentinels of JEV infection, pig farms are now largely separated from urban areas, and pigs are bred in enclosed spaces where mosquitoes cannot invade. Therefore, surveillance of pigs might not reflect the true risk of JEV infection in urban areas. On the other hand, wild boars have invaded human habitats and are not protected from mosquitoes, suggesting that wild boars are superior sentinels for surveillance of JEV.

Although serum samples are the best specimens for sero-surveillance, isolation of sera in the field is difficult because special equipment and techniques are required for serum collection. Meat juice could be collected by freezing and thawing of heart and diaphragm and contains antibodies against pathogens \[[@r2], [@r16], [@r18], [@r26]\]. As meat juice contains many other contaminants, virus-neutralization (VN) and hemagglutination-inhibition tests are difficult to perform. On the other hand, enzyme-linked immunosorbent assay (ELISA) is useful for detection of antibodies against specific pathogens in meat juice.

In this study, our established ELISA for JEV and HEV was evaluated using meat juice samples obtained from the hearts and diaphragms of wild boars, and the results were compared with those using serum samples.

MATERIALS AND METHODS {#s1}
=====================

Collection of samples
---------------------

Blood, heart, and diaphragm samples were collected from 46 wild boars from November 2016 to May 2017 in Yamaguchi Prefecture, Japan. These wild boars were hunted by hunters under permission of the local government. Blood was centrifuged at 2,000 × g for 10 min at 4°C, and supernatants were collected and stored as serum samples at −20°C until use.

Collection of meat juice
------------------------

In order to obtain meat juice from heart and diaphragm, approximately 100 grams of meat samples were placed in a plastic bag (Ziploc; Asahi-kasei, Tokyo, Japan) and then frozen at −20°C. Frozen meat samples were thawed at room temperature for 5 hr and then meat juice were transferred to clean tubes and stored at −20°C until use \[[@r16]\].

Detection of anti-JEV antibody
------------------------------

Indirect ELISA was developed to detect anti-JEV antibodies from wild animals. JEV/sw/Chiba/88/2002 was isolated from a pig in Chiba Prefecture in 2002 and kindly provided by Dr. Takasaki at the National Institute of Infectious Diseases \[[@r17]\]. JEV was inoculated onto Vero cells and infected cells were lysed in RIPA buffer (1% sodium deoxycholate, 1% Triton X-100, 10 mM Tris-HCl pH 7.4, 150 mM sodium chloride, 0.5 mM ethylenediaminetetraacetic acid) after cytopathic effects were observed. Extract from mock-infected Vero cells was used as a control for the antigen. Protein concentrations were measured by Bradford assay (Bio-Rad, Hercules, CA, U.S.A.). Extracts were diluted with adsorption buffer (0.05 M carbonate-bicarbonate buffer, pH 9.6) to 5 *µ*g per m*l* and then 100 *µl* of the diluent was added to a 96-well ELISA plate (Maxisorp; Thermo Fischer Scientific, Rockford, IL, U.S.A.). Plates were incubated for 2 hr at 37°C and then blocked with 1% Blockace (DS Pharma Biomedical, Osaka, Japan) in PBS for 30 min at 37°C. Serum samples were diluted to 1:100 with 0.4% Blockace in PBS containing 0.05% of Tween 20 (PBS-T). Meat juice samples were diluted to 1:10, 1:20 or 1:40 with 0.4% Blockace in PBS-T. After five washes with PBS-T, 100 *µl* of diluted sera or meat juice was added to each well in duplicate, followed by incubation for 30 min at 37°C. After five washes with PBS-T, 100 *µl* of diluted Peroxidase Conjugated Purified Recomb^®^ Protein A/G (Thermo Fischer Scientific) was added, followed by incubation for 30 min at 37°C. After five washes with PBS-T, 100 *µl* of substrate reagent (HRP substrate kit; Bio-Rad) was added, followed by incubation with gentle shaking at room temperature for 30 min. Enzymatic reaction was stopped by adding 100 *µl* of 2% oxalic acid. Absorbance was measured at a wavelength of 415 nm. Absorbance of wells coated with extract from mock-infected cells was subtracted from that of JEV-infected cells. Absorbance greater than 0.623 was considered to be positive by comparison between this ELISA and VN test using wild boar sera.

Detection of anti-HEV antibody
------------------------------

Anti-HEV antibodies in serum and meat juice of heart and diaphragm were detected using our established ELISA \[[@r29]\]. Serum samples were used at dilutions of 1:100, and meat juice samples were used at dilutions of 1:10, 1:20 or 1:40. Absorbance greater than 0.437 was considered to be positive according to our previous report \[[@r29]\].

RESULTS {#s2}
=======

Collection of meat juice
------------------------

From 46 wild boars, sera, heart, and diaphragm were collected. Meat juice was collected from all heart samples and from 36 of 46 diaphragm samples. About 10% the volume of meat was collected as meat juice, but only a small amount of meat juice was obtained from some meat samples.

Detection of anti-JEV antibodies in meat juice
----------------------------------------------

Twenty-two of 46 wild boars (48%) were seropositive using 100-fold diluted serum samples ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.ELISA for Japanese encephalitis virus. Serum (A) and meat juice of heart (B) and diaphragm (C) were used as first antibodies for ELISA. Serum was diluted to 1:100 and meat juice samples were diluted to 1:10, 1:20 and 1:40. Absorbance greater than 0.623 was judged to be positive. Red and orange colors indicate samples collected from wild boars positive and negative for anti-JEV antibody, respectively.Fig. 2.ELISA for hepatitis E virus. Serum (A) and meat juice of heart (B) and diaphragm (C) were used as first antibodies for ELISA. Serum was diluted to 1:100 and meat juice samples were diluted to 1:10, 1:20 and 1:40. Absorbance greater than 0.437 was judged to be positive. Red and orange colors indicate samples collected from wild boars positive and negative for anti-HEV antibody, respectively.). From meat juice of heart, 22 (48%), 20 (43%) and 19 (41%) of 46 wild boars were positive at 1:10, 1:20 and 1:40 dilution, respectively ([Fig. 1](#fig_001){ref-type="fig"}). From meat juice of diaphragm, 19 (53%), 17 (47%) and 16 (44%) of 36 wild boars were positive at 1:10, 1:20, and 1:40 dilution, respectively ([Fig. 1](#fig_001){ref-type="fig"}). In comparison with the results using serum samples, the sensitivity and specificity of meat juice samples were calculated. The sensitivity of 10-fold, 20-fold and 40-fold diluted heart samples was 100, 91 and 86%, respectively, and that for the diaphragm samples was 100, 89 and 84%, respectively. The specificity of all diluted meat juice was 100%. O.D. values of serum and each meat juice sample were plotted and the slopes of the line of best fit were calculated, giving 1.21, 0.91, and 0.63 at 1:10, 1:20, and 1:40 dilution for meat juice of heart, respectively ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Correlation of absorbance values for Japanese encephalitis virus between serum and meat juice of heart (A) and diaphragm (B). Lines of best fit for each dilution of meat juice are also shown.). Slopes of the line of best fit using meat juice of diaphragm samples were 1.13, 0.86, and 0.62 at 1:10, 1:20, and 1:40 dilution, respectively ([Fig. 3](#fig_003){ref-type="fig"}). The correlation coefficient was 0.972, 0.983 and 0.968 at 1:10, 1:20, and 1:40 dilution of meat juice of heart, respectively. The correlation for diaphragm samples was 0.980, 0.973 and 0.956 at 1:10, 1:20, and 1:40 dilution, respectively.

Detection of anti-HEV antibodies in meat juice
----------------------------------------------

Eight of 46 wild boars (17%) were seropositive using 100-fold diluted serum samples ([Fig. 2](#fig_002){ref-type="fig"}). From meat juice of heart, 9 (20%), 8 (17%) and 7 (15%) of 46 wild boars were positive at 1:10, 1:20 and 1:40 dilution, respectively ([Fig. 2](#fig_002){ref-type="fig"}). From meat juice of diaphragm, 8 (22%), 8 (22%) and 7 (19%) of 36 wild boars were positive at 1:10, 1:20 and 1:40 dilution, respectively ([Fig. 2](#fig_002){ref-type="fig"}). The sensitivity and specificity of meat juice samples were calculated for each dilution of heart and diaphragm meat juice samples. The specificity of 10-fold diluted heart samples was 97%, the sensitivity of 40-fold diluted heart samples was 88%, the sensitivity of 40-fold diluted diaphragm samples was 88%, and the other sensitivities and specificities were 100%. Slopes of the line of best fit were 1.58, 0.99 and 0.59 at 1:10, 1:20, and 1:40 dilution of meat juice of heart, respectively, and 1.58, 1.01 and 0.61 at 1:10, 1:20, and 1:40 dilution of meat juice of diaphragm, respectively ([Fig. 4](#fig_004){ref-type="fig"}Fig. 4.Correlation of absorbance values for hepatitis E virus between serum and meat juice of heart (A) and diaphragm (B). Lines of best fit for each dilution of meat juice are also shown.). The correlation coefficient was 0.978, 0.996 and 0.981 at 1:10, 1:20, and 1:40 dilution of meat juice of heart, respectively. The correlation for diaphragm samples was 0.976, 0.985 and 0.958 at 1:10, 1:20, and 1:40 dilution, respectively.

DISCUSSION {#s3}
==========

In this study, we successfully detected anti-JEV and anti-HEV antibodies in meat juice from wild boars.

Heart and diaphragm samples were collected from 46 wild boars captured in Japan. From all 46 heart samples, we obtained meat juice, but from diaphragm samples, only 36 of 46 yielded meat juice. Thus, heart is a more suitable sample for collection of meat juice than diaphragm.

Meat juice samples were examined by ELISA for detection of anti-JEV and anti-HEV antibodies. The results indicated that the sensitivities and specificities of ELISA using both sources of meat juice were almost 100%. Meat juice is therefore suitable for ELISA.

The slope of the line of best fit for each dilution of meat juice sample in comparison with 100-fold diluted serum samples was calculated. Slopes using 20-fold diluted meat juice samples were almost 1.0. This indicates that meat juice samples contain approximately one-fifth the anti-viral antibodies of serum. For ELISA using meat juice, a 1:20 dilution is recommended, as serum samples are generally diluted to 1:100 in our ELISA system.

In conclusion, meat juice is a good specimen for detection of anti-JEV and anti-HEV antibodies from wild boars. Furthermore, as our established ELISA used protein A/G for detection of immunoglobulins, this ELISA using meat juice must be applicable to detection of anti-viral antibodies from other mammalian species. Our ELISA system using meat juice and protein A/G is expected to be widely suitable for surveillance of infectious diseases among wild animals.

Sample collection from wild boras was performed by the Hohoku hunting club, Yamaguchi Prefecture. This study was funded by the Ministry of Health, Labour and Welfare (MHLW) (H30-shokuhin-ippan-004, H27-shokuhin-ippan-011) and The Morinaga Foundation for Health & Nutrition.
